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(57) ABSTRACT

Adding a driver’s intention and running environments to
conditions for cancelling a delay of an upshift after kick-
down enables the upshift at a suitable timing depending on
a vehicle’s running environments and aspects of the driver’s
operation. A shift control device for automatic transmission
calculates an allowance driving force of the vehicle when
upshifting at a current vehicle speed and throttle opening,
and also calculates a threshold value of a driving force
depending on an average value of throttle opening variation,
an average value of vehicle speed variation, a cornering
judgment of a winding degree of a road on which the vehicle
is running and a gradient judgment of a gradient of a road
surface on which the vehicle is running. Then, after com-
paring the threshold value and the allowance driving force,
the device permits an upshift when the allowance driving
force is larger than the threshold value.

4 Claims, 6 Drawing Sheets
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1
SHIFT CONTROL DEVICE FOR
AUTOMATIC TRANSMISSION

TECHNICAL FIELD

The present invention relates to a shift control device for
automatic transmission mounted on a vehicle, especially to
a shift control device which can prevent shift hunting by
appropriately setting conditions for re-upshift after down-
shift.

BACKGROUND ART

Various kinds of shift control devices are known. They
perform upshift and downshift controls of gear positions of
an automatic transmission, on the basis of vehicle speeds
and engine loads (throttle opening or accelerator opening) as
parameters, according to upshift and downshift lines which
set upshift and downshift transmission patterns per gear
position. Such shift control devices, for example one
described in Patent Document 1, conventionally prevent
shift hunting (shift-busy state) that a vehicle re-downshifts
or re-upshifts immediately after upshift or downshift.

The above-described shift control devices are adapted to,
when a kickdown occurs, shift an upshift line on a shift map
to a low throttle opening (a low accelerator opening) and
high vehicle speed side, expanding a hysteresis range for
upshift and downshift. In this hysteresis range, an allowance
driving force which could occur at a shift position after
upshift is constantly calculated. And only when this allow-
ance driving force exceeds a predetermined value, the
devices are adapted to permit an upshift, or in other words,
cancel a shift hold. Also, when the allowance driving force
falls on a lower throttle opening (a lower accelerator open-
ing) and higher vehicle speed side than the above-mentioned
shifted upshift line, an upshift is permitted, in case of a
re-stepping of an accelerator pedal, after a delay time which
is a predetermined constant time or a time set based on a
variation of vehicle speed and throttle opening passes.

RELATED ART DOCUMENTS
Patent Documents

Patent Document 1: Japanese Patent Laid-Open Publication
No. 2003-139238

DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention

However, in the conventional control using the above-
described shift control devices, a threshold value of allow-
ance driving force after upshift, which is a condition for
cancelling a shift hold in a hysteresis range, is a value
depending on a vehicle speed, but not a value including a
vehicle driver’s intention, running environments, etc. Due to
this, according to running environments, aspects of the
driver’s operation, etc., the shift control might entail uncom-
fortable feelings for the driver such as feelings of driving
force shortage, excessive deceleration, etc.

In addition, a delay time allowing an upshift when a
throttle opening falls on a lower throttle opening side and a
vehicle speed falls on a higher vehicle-speed side than an
above-mentioned shifted upshift line is a predetermined
constant time period or a time based on a variation of vehicle
speed and throttle opening. Such delay time cannot be a time
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including a vehicle driver’s intention and vehicle’s running
environments, whereby if delaying an upshift on the basis of
the delay time, the shift control might entail uncomfortable
feelings according to the vehicle’s running environments
and aspects of the driver’s operation.

In view of the above-described problem, the present
invention has an object to provide a shift control device for
automatic transmission which, in a control of delaying an
upshift after downshift (a shift hold control), enables an
upshift at an appropriate timing depending on aspects of a
driver’s operation and vehicle’s running environments by
adding driver’s intentions and running environments to
conditions for cancelling an upshift delay, allowing a shift
hold control without giving the driver uncomfortable feel-
ings.

Means of Solving the Problems

The present invention for solving the above-mentioned
problem is a shift control device for automatic transmission
for upshift and downshift controls of gear positions accord-
ing to a shift map including an upshift line (UP) and a
downshift line (DN) set per gear position. The shift control
device includes: a speed control means (5) for outputting
upshift and downshift transmission signals according to a
first upshift line (UP1) and the downshift line (DN) based on
first transmission properties set depending on a vehicle
speed (V) and a throttle opening (TH); a downshift judgment
means (5) for judging, on the basis of the first transmission
properties, that the downshift transmission signals have been
output; a transmission property change means (5) for, when
the downshift judgment means judges downshift, changing
the first transmission properties to second transmission
properties including a second upshift line (UP2) which is the
first upshift line (UP1) shifted to a high vehicle speed side;
an operational state detection means (5, 201-203) for detect-
ing an operational state of a vehicle; and an upshift permis-
sion means (5) for permitting an upshift according to ful-
fillment of predetermined conditions when the vehicle speed
(V) and the throttle opening (TH) are in a range (B) between
the first upshift line (UP1) and the second upshift line (UP2).
The upshift permission means (5) is characterized by cal-
culating an allowance driving force (F1) of the vehicle when
upshifting at a current vehicle speed (V) and throttle opening
(TH), then calculating a threshold value (Fth) of driving
force including a variation of throttle opening (TH), a
variation of vehicle speed (V), a cornering judgment of
judging a winding degree of a road on which the vehicle is
running, and a gradient judgment of judging a gradient of a
road surface on which the vehicle is running, then compar-
ing the threshold value (Fth) with the allowance driving
force (F1), and accordingly permitting an upshift when the
allowance driving force (F1) is larger than the threshold
value (Fth).

In the shift control device for automatic transmission of
the present invention, when a vehicle speed and a throttle
opening are in a range between the first upshift line and the
second upshift line, an allowance driving force of a vehicle
when upshifting at a current vehicle speed and throttle
opening is compared with a threshold value of driving force
depending on a variation of throttle opening, a variation of
vehicle speed, a cornering judgment and a gradient judg-
ment, and then an upshift is permitted (a shift hold is
cancelled) if the allowance driving force is larger than the
threshold value. For such process, a value including a
vehicle driver’s intention or running environments of the
vehicle is used as a threshold value of the allowance driving
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force after upshift which is a condition for cancelling the
shift hold. Thus, regardless of vehicle’s running environ-
ments and aspects of the driver’s operation, an upshift after
downshift can be permitted at a most suitable timing.
Therefore, a shift control can be realized without giving the
driver uncomfortable feelings such as feelings of driving
force shortage, excessive deceleration, etc.

In addition, in the above-described shift control device,
the threshold value (Fth) of driving force should be set
higher as a winding degree in a cornering judgment is
higher, and so should be as a gradient of a road surface in a
gradient judgment is higher. According to this, higher the
winding degree of a road on which a vehicle is running is,
larger an allowance driving force permitting an upshift is,
and higher a degree of a gradient road on which the vehicle
is running is, larger an allowance driving force permitting an
upshift is, thereby allowing to delay a timing of the upshift.
Therefore, in an upshift control when the vehicle runs on the
winding or gradient road, the shift control device can
effectively prevent to give a driver a feeling of driving force
shortage.

Further, the present invention for solving the above-
mentioned problem is a shift control device for automatic
transmission which performs upshift and downshift controls
of gear positions according to a shift map including an
upshift line (UP) and a downshift line (DN) set per gear
position. The shift control device includes: a speed control
means (5) which outputs transmission signals of upshift and
downshift according to the first upshift line (UP1) and the
downshift line (DN) based on first transmission properties
set depending on a vehicle speed (V) and a throttle opening
(TH); a downshift judgment means (5) which judges, based
on the first transmission properties, that a transmission
signal of downshift has been output; a transmission property
change means (5) for, when the downshift judgment means
(5) judges a downshift, changing the first transmission
properties to second transmission properties including a
second upshift line (UP2) which is the first upshift line
(UP1) shifted to a high vehicle speed side; an operational
state detection means (5, 201-203) for detecting a vehicle’s
operational states; and a delay means (5) which, in a range
(C) where an upshift transmission signal should be output
based on the second transmission properties, delays to
output a transmission signal of upshift during a predeter-
mined delay time (T) based on a vehicle’s operational state
detected by the operational state detection means (5, 201-
203). The delay means (5) is characterized by calculating a
first time (T1) based on a variation of vehicle speed (V), a
variation of throttle opening (TH) and a vehicle speed (V)
and a second time (T2) based on at least either one of a
cornering judgment of a degree of a winding road on which
the vehicle is running or a gradient judgment of a gradient
of a road on which the vehicle is running, and then setting
a combined time (T) of the first time (T1) and the second
time (T2) as a delay time (T) for delaying an upshift.

The shift control device for automatic transmission
according to the present invention calculates a first time
based on a variation of vehicle speed, a variation of throttle
opening and a vehicle speed and a second time based on at
least either one of a cornering judgment or a gradient
judgment, and then sets a combined time of the first time and
the second time as a delay time for delaying an upshift. For
such process, a time including a vehicle driver’s intention or
running environments is used as the delay time for permit-
ting the upshift. Thus, regardless of the vehicle’s running
environments and aspects of the driver’s operations, the
upshift after downshift can be permitted at a most suitable
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timing. Therefore, a shift control can be realized without
giving the driver uncomfortable feelings such as feelings of
driving force shortage, an excessive deceleration, etc.

In addition, in the above-mentioned shift control device,
the first time (T1) should be shorter as the variation of
vehicle speed (V) is smaller and the variation of throttle
opening (TH) is smaller, and be shorter as the vehicle speed
(V) is higher. And, the second time (T2) should be longer as
a winding degree of a road in the cornering judgment is
higher and be longer as a gradient of a road surface in the
gradient judgment is higher. According to this, when it can
be presumed that the driver has less intention of acceleration
and deceleration and running environments are relatively
stable with a low winding degree and gradient, an upshift
timing can be advanced by setting a delay time for delaying
an upshift short. On the other hand, when the vehicle is
running on a winding or gradient road, an upshift timing can
be delayed by setting a delay time for delaying an upshift
long, preventing to give the driver a feeling of driving force
shortage. The reference numerals and symbols in the above
parentheses represent the reference numerals and symbols
used for structural elements in an embodiment which will be
described later, as an example of the present invention.

Effects of the Invention

The shift control device for automatic transmission in
accordance with the present invention enables, in a control
of delaying an upshift after downshift (a shift hold control),
an upshift at an appropriate timing depending on aspects of
a driver’s operation and vehicle’s running environments by
adding the driver’s intentions and running environments to
conditions for cancelling upshift delay, allowing a shift hold
control without giving the driver uncomfortable feelings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view of a configuration example of
a vehicle provided with a shift control device for an auto-
matic transmission of one embodiment of the present inven-
tion;

FIG. 2 is a view showing one example of a shift map of
the automatic transmission;

FIG. 3 is a flow chart showing a process of upshift
judgment when a vehicle speed and a throttle opening fall in
range B on the shift map;

FIG. 4 is a flow chart showing a process of upshift
judgment when a vehicle speed and a throttle opening fall in
range C on the shift map;

FIG. 5 is a graph illustrating correlations between average
variation values of vehicle speed and throttle opening and a
first time (a delay time); and

FIG. 6 is a block diagram illustrating a processing of an
upshift after downshift (a kickdown) using the shift control
device of the present embodiment.

MODE FOR CARRYING OUT THE INVENTION

Hereinafter, an embodiment of the present invention will
be described in detail with reference to the appending
drawings. FIG. 1 is a schematic view of a configuration
example of a vehicle provided with a shift control device for
automatic transmission of one embodiment of the present
invention. The vehicle of the present embodiment includes:
an engine 1; an automatic transmission 2 connected with the
engine 1 via a fluid-type torque converter 3; an FI-ECU (a
fuel injection engine control device) 4 for electronically
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controlling the engine 1; an AT-ECU (an automatic trans-
mission engine control device) 5 for electronically control-
ling the automatic transmission 2 including the torque
converter 3; and a hydraulic control device 6 which, accord-
ing to a control using the AT-ECU 5, performs oil pressure
controls of rotary drive and lock up control of the torque
converter 3 and connection (engagement) and release of a
plurality of frictional engagement elements provided by the
automatic transmission 2.

A rotary output of the engine 1 is output to a crankshaft
21 (an output shaft of the engine 1) and transmitted to a main
shaft 22 of the automatic transmission 2 via the torque
converter 3. The torque converter 3 is provided with a
lock-up clutch 30. The lock-up clutch 30 is set at either lock
up ON or OFF according to a lock up control using the
AT-ECU 5.

In a neighborhood of the crankshaft 21, a crankshaft
rotating speed sensor 201 for detecting rotating speed Ne of
the crankshaft 21 (the engine 1). In a neighborhood of the
main shaft 22, a main shaft rotating speed sensor 202 for
detecting a rotating speed Ni of the main shaft 22 (an input
shaft rotating speed of the automatic transmission 2). In a
neighborhood of a counter shaft 23, a counter shaft rotating
speed sensor 203 for detecting a rotating speed No of the
counter shaft 23 (an output shaft rotating speed of the
automatic transmission 2). Vehicle speed data V calculated
by the rotating speed data Ne, Ni, No and No detected by
each sensor 201-203 is given to the AT-ECUS. Also, the
engine rotation speed data Ne is given to the FI-ECU (the
fuel injection engine control device) 4. Further, a vehicle is
provided with wheel rotation speed sensors S1-S4 for detect-
ing a wheel rotation speed of each of front, rear, left and
right wheels W1-W4. Detection values from the wheel
rotation speed sensors S1-S4 (wheel rotation speed pulses)
are input to the AT-ECU 5. Note that the AT-ECU 5 functions
as a speed control means, a downshift judgment means, a
transmission property change means, an operational state
detection means, an upshift permission means, a delay
means, etc. in accordance with the present invention.

FIG. 2 is a view showing one example of a shift map (a
transmission property map) of the automatic transmission 2.
In the graph of the figure, the vertical and horizontal axes
stand respectively for vehicle speed V and throttle opening
TH (or accelerator opening AP). Note that when throttle
opening TH is referred to in the following description,
“accelerator opening AP” may be used instead of “throttle
opening TH” unless otherwise specifically noted. A line DN
drawn in an alternate long and short dash line on the graph
of the figure is a downshift line, and a line UP1 drawn in a
continuous line is an upshift line (a first upshift line). As is
known in the art, such downshift line DN and upshift line
UP1 are each set appropriately per gear position. Still, for a
simplified description, only one set of gear positions (i.e., a
pair of an upshift from nth to (n+1)th gears and a downshift
from (n+1)th to nth gears) will be illustrated and described
as follows. In this embodiment, as shown in the figure, the
upshift line UP1 is set at low vehicle speed, or nearer to the
downshift line DN, attempting to improve fuel consumption
by advancing an upshift. On the contrary, a shift hunting (a
shift-busy state) causing a re-downshift or re-upshift fre-
quently occurs respectively after upshift or downshift espe-
cially in a low vehicle speed range, against which a suitable
preventive measure is taken as will be described later. Note
that such shift map including the upshift line UP1 and the
downshift line DN per gear position is prestored in the
AT-ECU (automatic transmission engine control device) 5.
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The AT-ECU (automatic transmission engine control
device) 5 performs, as one generally known, a downshift
control, taking a current vehicle speed V and accelerator
opening AP as parameters, when an intersection point posi-
tion between the vehicle speed V and the accelerator open-
ing AP on the shift map steps over the downshift line DN
from a higher gear position (n+1) on the right-hand (or
bottom) side to a lower gear position (n) on the left-hand (or
upper) side in the figure. On the other hand, the AT-ECU
performs an upshift control when an intersection point
position between the vehicle speed V and the accelerator
opening AP on the shift map steps over the upshift line UP1
(UP2) from a lower gear position (n) on the left-hand (or
upper) side to a lower gear position (n+1) side on the
right-hand (or bottom) side.

In the graph of FIG. 2, the first upshift line UP1 (con-
tinuous line) before shifting and the second upshift line UP2
(dotted line) after shifting are set as upshift lines. A range A
between the downshift line DN and the first upshift line UP1
is an upshift non-permission range where no upshift is
performed after downshift. A range B between the first
upshift line UP1 and the second upshift line UP2 is a
hysteresis range where an upshifting is permitted only when
predetermined conditions are fulfilled after downshift. And,
a range C on a higher vehicle speed and lower throttle
opening side than the second upshift line UP2 is an upshift
permission range where an upshift is permitted after a delay
time T to be mentioned later passes.

Next, a speed control (an upshift delay control) using the
shift control device of the present embodiment will be
described. A control according to the present embodiment is
to delay outputting an upshift signal after expanding an nth
gear range when performing a kickdown (a downshift)
operation from (n+1)th to nth (or (n-1)th) gear positions.
First, before performing the above-motioned control accord-
ing to the present embodiment, the nth gear range is
expanded by shifting the upshift line after the kickdown. In
this shifting of the upshift line, throttle opening TH data
from a throttle opening sensor 209 and vehicle speed V data
is input to the AT-ECU 5. The AT-ECU 5 refers to the shift
map of FIG. 2 on the basis of this vehicle speed V and
throttle opening TH data.

Now, the vehicle speed V and the throttle opening TH are
supposed to be at a point X in the range A of FIG. 2. In this
state, by a driver’s kickdown operation, the throttle opening
TH is supposed to increase across the downshift line DN
from (n+1)th to nth gear as shown by arrow L1 of FIG. 2.
Note that the downshift here may be one from (n+1)th to
(n-1)th gear, which is not shown in the figure. In this case,
a control is performed in the way that the upshift line from
nth to (n+1)th gear is changed (shifted) from the first upshift
line UP1 to the second upshift line UP2. Thus, a range where
nth gear is maintained after the downshift from (n+1)th to
nth gear is expanded.

FIG. 3 is a flow chart showing a process of an upshift
judgment when a vehicle speed and a throttle opening fall in
the range B on the shift map in the case that the upshift line
is, according to the above-described process, shifted after
kickdown.

In the flow chart of the figure, it is first judged whether an
average value of throttle opening TH variation is a prede-
termined value or less (Step ST1-1). As a result, unless the
average value of throttle opening TH variation is the pre-
determined value or less (NO), the operation is terminated
without proceeding to a next process. On the other hand, if
the average value of throttle opening TH variation is the
predetermined value or less (YES), it is successively judged
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whether an average value of vehicle speed V variation is a
predetermined value or less (Step ST1-2). As a result, unless
the average value of vehicle speed V variation is the
predetermined value or less (NO), the operation is termi-
nated without proceeding to a next process. On the other
hand, if the average value of vehicle speed V variation is the
predetermined value or less (YES), an estimated accelera-
tion (hereinafter referred to as “allowance driving force) F1
in the case of an upshift from nth to (n+1)th gear at the
current vehicle speed V and throttle opening TH is calcu-
lated (Step ST1-3). The allowance driving force F1 here is
an estimated acceleration based on the vehicle speed V and
the throttle opening TH on a line M in the graph of FIG. 2.
Note that the shift control device of the present embodiment
is adapted, if a vehicle speed V and a throttle opening TH
after downshift (kickdown) fall in the range B, to constantly
calculate the allowance driving force on the basis of the
vehicle speed V and the throttle opening TH on the above-
mentioned line M.

Next, sports running estimate SP is calculated (Step
ST1-4). The sports running estimate SP here refers to an
average value (or an integrated value; the same is applied to
the following description) of throttle opening TH variation
(a temporal variation), an average value (or an integrated
value; the same is applied to the following description) of
vehicle speed V variation (a temporal variation), a value
calculated on the basis of a cornering judgment of judging
a winding degree of a road on which a vehicle is running and
a gradient judgment of judging a gradient of a road surface
on which the vehicle is running.

A process for calculating a lateral acceleration of a vehicle
in the above-mentioned cornering judgment will be
described. When calculating the lateral acceleration, each
wheel rotation speed of front, rear, left and right wheels
W1-W4 detected by each wheel rotation speed sensor S1-S4
is input to the AT-ECU 5. In the AT-ECU 5, the wheel
rotation speeds of the front, rear, left and right wheels are
calculated on the basis of each of the input wheel rotation
speeds. Subsequently, a differential diameter rate between
the right and left rear wheels W3, W4 will be learned. The
learning of differential diameter rate here refers to, in order
to detect a relative dispersion between tire diameters of the
right and left rear wheels W3, W4, calculating a tire differ-
ential diameter rate, which is a rate between the tire diam-
eters of the left and right rear wheels W3, W4, and then
calculating a differential diameter rate learning value by
learning the calculated tire differential diameter rates.

Next, using the calculated learning value of different
diameter rate, a lateral acceleration estimate is calculated.
First, each rotation speed of the right and left rear wheels
W3, W4 output by each of the wheel rotation speed sensors
S3, S4 is multiplied by each radius of the wheels W3, W4
to calculate a wheel speed. Then, from these rear wheel
rotation speeds, a lateral acceleration estimate is calculated.
Note that except a cornering judgment on the basis of a
lateral acceleration estimate calculated by the above-de-
scribed process, if a vehicle is equipped with a sensor which
can detect a lateral acceleration of the vehicle, a cornering
judgment may be performed on the basis of a value detected
by such sensor. Also, a cornering judgment may be per-
formed on the basis of a lateral acceleration calculated by
another technique than the above one.

Next, a process for calculating a gradient estimate of a
road surface in the above-mentioned gradient judgment will
be described. For calculating a gradient estimate, first, an
expected acceleration which is expected to be output by a
vehicle is calculated based on a vehicle speed V and an
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engine load (a throttle opening TH). Then, a real accelera-
tion or deceleration is evaluated from an increase or
decrease rate of the vehicle speed V per unit time, and the
real acceleration is compared with the calculated expected
acceleration. When the real and expected accelerations sub-
stantially correspond with each other, the vehicle is judged
to be running on a flat road. When the real acceleration
exceeds the expected acceleration, the vehicle is judged to
be running on a descending road. And when the real accel-
eration is below the expected acceleration, the vehicle is
judged to be running on a hill-climbing road. By judging a
descending or hill-climbing road on the basis of such
comparison between a real acceleration and an expected
acceleration, a gradient estimate is calculated. Note that
except a gradient judgment performed based on a gradient
estimate calculated by the above-mentioned process, if a
vehicle is equipped with a sensor which can detect slope
degrees of a road surface on which the vehicle is running, a
gradient judgment may be performed based on the value
detected by this sensor. Also, it may be based on a gradient
estimate calculated by any method other than the above-
described one.

A sports running estimate SP is higher as an average value
of throttle opening TH variation is higher, and so is as an
average value of vehicle speed V variation is higher. Also,
a sports running estimate SP is set higher as a lateral
acceleration value of a vehicle in the above-described cor-
nering judgment is higher, or in other words, as a winding
degree (a curvature degree) of a road on which a vehicle is
running, and so is as a gradient (a slope degree) of a road
surface in the above-mentioned gradient judgment is higher.

Back to the flow chart of FIG. 3 after calculating the
sports running estimate SP by the above-described method,
a threshold value Fth of allowance driving force F1 for
permitting an upshift in the range B is set on the basis of the
above sports running estimate SP (step ST1-5). Therefore,
the threshold value Fth of driving force here will be a value
in accordance with an average value of throttle opening TH
variation, an average value of vehicle speed V variation, a
winding degree in a cornering judgment and a gradient in a
gradient judgment.

Next, the threshold value Fth is compare with the above-
described allowance driving force F1 (Step ST1-6). As a
result, if the allowance driving force F1 is higher than the
threshold value Fth (F1>Fth)(YES), an upshift is permitted
(a shift hold is cancelled) (Step ST1-7). On the other hand,
if the allowance driving force F1 is the threshold value Fth
or less (F1=fth)(NO), the operation is cancelled without
permitting an upshift.

FIG. 4 is a flow chart showing a process of an upshift
judgment when a vehicle speed V and a throttle opening TH
fall in the range C on the shift map. In a control of the
present embodiment, even if an upshift judgment is made in
the AT-ECU 5 when the vehicle speed V and the throttle
opening TH are in the range C, an upshift is permitted not
immediately but after a predetermined delay time passes.
Namely, in the flow chart of FIG. 4, it is first judged whether
there has been an upshift judgment or not in the AT-ECU 5§
(Step ST2-1). As a result, if there has been no upshift
judgment (NO), the operation is terminated without pro-
ceeding to a next process. On the other hand, if there has
been an upshift judgment (YES), a first time T1 is calculated
from an average value of vehicle speed V variation and an
average value of throttle opening TH variation (Step ST2-2).

FIG. 5 is a graph illustrating correlations between average
values of vehicle speed V and throttle opening TH and the
above-described first time T1 (a delay time). In the graph of
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the figure, the horizontal and vertical axes stand respectively
for average values of variations of vehicle speed V and
throttle opening TH. Ranges S1-S4 in the graph are set so
that the first time T1 is shorter as shifting from S1 to S4, and
longer as shifting from S4 to S1. Road environments and a
driver’s desired intentions are assumed from test runs in
various road environments. The correlations shown in this
graph use average values of variations of vehicle speed V
and throttle opening TH which reflect such road environ-
ments and the driver’s desired intentions. These ranges can
be arbitrarily preset most suitably.

Back to the flow chart of FIG. 4, the above-described
sports running estimate SP (Step ST2-3) is calculated, and a
second time T2 depending thereon is calculated (Step ST2-
4). And, a combined time of the first time T1 and the second
time T2 is set as a delay time T (=T14T2) (Step ST2-5). In
this way, by adding the second time T2 depending on the
sports running estimate SP as a correction value depending
on a sports running condition to the above-described first
time T1, a delay time T for permitting an upshift is adapted
to be calculated.

The above-described first time T1 is set shorter as an
average value of vehicle speed V variation is smaller, so is
as an average value of throttle opening TH variation is
smaller, and so is as a vehicle speed V is higher. In other
words, when it is estimated that a driver has not much
intention of acceleration or deceleration and running envi-
ronments are somewhat stable (neither a highly winding nor
much hill-climbing road), the delay time T is set short by
shortening the first time. And, the above-mentioned second
time T2 is set longer as a lateral acceleration (a winding
degree) of the vehicle in the above-mentioned cornering
judgment is higher, and so is as a gradient of a road surface
in a gradient judgment is higher. Thus, as the second time T2
becomes longer, the delay time T is set longer.

Thereafter, it is judged whether the delay time T has
passed or not (Step ST2-6). As a result, if the delay time T
has not passed (NO), the operation is terminated without
proceeding to a next process, and if the delay time T has
passed (YES), an upshift is permitted (a shift hold is
cancelled) (Step ST2-7). Thus, a transmission signal of the
upshift from nth to (n+1)th gear is output, and then the
automatic transmission 2 is shifted from nth to (n+1)th gear.

FIG. 6 is a block diagram illustrating an upshift process-
ing after kickdown (downshift) using the shift control device
of the present embodiment. Note that the processing shown
therein is a schematically arranged processing of the upshift
after kickdown described using the flow charts of FIGS. 3
and 4. As shown in the figure, in a transmission control using
the shift control device of the present embodiment, a sports
running estimate SP which is a value including a driver’s
intention is calculated (3-3), as an upshift processing after
downshift (kickdown), on the basis of an average value of
throttle opening TH (3-1) and an average value of vehicle
speed V (3-2). Also, a sports running estimate SP which is
a value including a vehicle’s running environments is cal-
culated (3-6) on the basis of a cornering judgment (3-4) and
a gradient judgment (3-5). And, after combining these sports
running estimates SP (3-7), an additional driving force of the
vehicle (3-8) is calculated and a second time T2 which is an
additional delay time is calculated (3-9).

When a vehicle speed V and a throttle opening TH is in
the range A, an upshift from nth gear is not permitted (3-10).
Instead, when the vehicle speed V and the throttle opening
TH is in the range B (3-11), a current allowance driving
force (an allowance driving force based on the vehicle speed
V and the throttle opening TH on the line M) F1 is calculated
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from a gradient of a road surface (3-12) on which the vehicle
is running (3-13). In addition, a required acceleration
depending on the current vehicle speed V (3-14) is calcu-
lated, and then the additional driving force calculated in the
former process in addition to this required acceleration is set
as a threshold value Fth of the allowance driving force for
upshift permission (3-15). Then, after comparing the thresh-
old value Fth with the above-mentioned allowance driving
force F1 (3-16), if the allowance driving force F1 is larger
than the threshold value Fth, an upshift is permitted (3-17).

When a vehicle speed V and a throttle opening TH are in
the range C (3-18), the processing proceeds in the following
way: as a delay time for permitting an upshift, a first time T1
is calculated on the basis of an average value of vehicle
speed V variation, an average value of throttle opening TH
variation and a vehicle speed V (3-19); a second time T2
calculated in the above-described process is added to this
first time T1 (3-20); a combined time of the first time T1 and
the second time T2 is set as a delay time T; and if the delay
time T passes, an upshift is permitted (3-21).

As described above, the shift control device of the present
embodiment is adapted to, when a vehicle speed V and a
throttle opening TH are in the range B (hysteresis range)
between a first upshift line UP1 and a second upshift line
UP2, compare an allowance driving force F1 when upshift-
ing at the current vehicle speed V and throttle opening TH
with a threshold value Fth of a driving force depending on
an average value of throttle opening TH variation, an
average value of vehicle speed V variation, a cornering
judgment judging a winding degree of a road on which a
vehicle is running, a gradient judgment judging a gradient of
a road surface on which the vehicle running, and then if the
allowance driving force F1 is larger than the threshold value
Fth, permit an upshift. For such process, as a threshold value
Fth of an allowance driving force F1 which is a condition for
cancelling a shift hold after upshift, a value including a
driver’s intention or running environments is used. Due to
this, regardless of the vehicle’s running environments and
aspects of the driver’s operation, an upshift after downshift
can be permitted at a most suitable timing. Therefore, a shift
control can be realized without giving the driver any uncom-
fortable feelings such as feelings of driving force shortage,
excessive deceleration, etc.

Further, the above-described threshold value Fth of the
allowance driving force F1 is set higher as the winding
degree in the cornering judgment is higher, and so is as the
road surface gradient in the gradient judgment is higher.
According to this, the allowance driving force F1 permitting
an upshift is larger as the winding degree of the road on
which the vehicle is running is higher, and so is as the
gradient of the road on which the vehicle is running is
higher, thereby enabling to delay the upshift. Therefore, in
the shift control when running on the winding and gradient
road, the shift control device can effectively prevent to give
the driver the sense of driving force shortage.

Further, the shift control device of the present embodi-
ment is adapted to calculate the first time T1 on the basis of
the average value of vehicle speed V variation, the average
value of throttle opening TH variation and the vehicle speed
V, and the second time T2 on the basis of at least either one
of'the cornering judgment or the gradient judgment, and then
set a time T (=T1+T2) which is a combined time of the first
time T1 and the second time T2 as the delay time for
delaying the upshift when the vehicle speed V and the
throttle opening TH are in the range C. For such process, as
the delay time T for permitting the upshift, a time including
the driver’s intention or running environments is used. Thus,
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regardless of the vehicle’s running environments and aspects
of the driver’s operation, the upshift can be permitted
constantly at a most suitable timing. Therefore, the shift
control can be realized without giving the driver any uncom-
fortable feelings such as feelings of driving force shortage,
excessive deceleration, etc.

Further, in the above-mentioned shift control device, the
above-described first time T1 is shorter as the vehicle speed
V variation is smaller, so is as the throttle opening TH
variation is smaller, and so is as the vehicle speed V is
higher. The above-described second time T2 is longer as the
winding degree in the cornering judgment is higher, and so
is as the road surface gradient in the gradient evaluation is
higher. According to this, when it can be assumed that the
driver has less intention of acceleration and deceleration and
running environments are relatively stable with a low wind-
ing degree and gradient, an upshift timing can be advanced
by setting the delay time for delaying the upshift short. On
the other hand, when the vehicle is running on a winding or
gradient road, by setting the delay time for delaying the
upshift long, the upshift timing can be delayed to prevent to
give the driver the sense of driving force shortage.

Although the embodiment of the present invention has
been described above, the present invention is not limited to
the above embodiment. Various modifications can be made
in a scope of the technical idea described in the following
claims, the specification described above and the accompa-
nying drawings without departing from the spirit and scope
of the present invention.

The invention claimed is:

1. A shift control device for automatic transmission for
upshift and downshift controls of gear positions according to
a shift map including an upshift line and a downshift line set
per gear position, shift control device comprising:

a speed control means configured to output upshift and
downshift transmission signals according to a first
upshift line and a downshift line based on first trans-
mission properties set depending on a vehicle speed
and a throttle opening;

a downshift judgment means configured to judge, on the
basis of the first transmission properties, the downshift
transmission signals having been output;

a transmission property change means configured to
change the first transmission properties to second trans-
mission properties including a second upshift line
being the first upshift line shifted to a high vehicle
speed side;

an operational state detection means configured to detect
an operational state of a vehicle; and

an upshift permission means configured to permit an
upshift according to fulfillment of predetermined con-
ditions when a vehicle speed and a throttle opening is
in a range between the first upshift line and the second
upshift line,

wherein the upshift permission means calculates an allow-
ance driving force of the vehicle when upshifting at a
current vehicle speed and throttle opening, then calcu-
lates a threshold value of driving force including a
throttle opening variation, a vehicle speed variation, a
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cornering judgment of judging a winding degree of a
road with a vehicle kept running thereon, and a gradient
judgment of judging a gradient of a road surface with
the vehicle kept running thereon, then compares the
threshold value with the allowance driving force, and
accordingly permits an upshift when the allowance
driving force is larger than the threshold value.

2. The shift control device for automatic transmission
according to claim 1, wherein the threshold value of driving
force is set higher as the winding degree in the cornering
judgment is higher and set higher as the gradient of the road
surface in the gradient judgment is higher.

3. A shift control device for automatic transmission per-
forming upshift and downshift controls of gear positions
according to a shift map including an upshift line and a
downshift line set per gear position, the shift control device
comprising:

a speed control means configured to output transmission
signals of upshift and downshift according to the first
upshift line and the downshift line based on first
transmission properties set depending on a vehicle
speed and a throttle opening;

a downshift judgment means configured to judge, based
on the first transmission properties, the downshift trans-
mission signals having been output;

a transmission property change means configured to
change, when the downshift judgment means judges
downshift, the first transmission properties to second
transmission properties including a second upshift line
being the first upshift line shifted to a high vehicle
speed side;

a operational state detection means configured to detect an
operational state of a vehicle; and

a delay means configured to delay, in a range where an
upshift transmission signal is output based on the
second transmission properties, to output the upshift
transmission signal during a predetermined delay time
based on a vehicle’s operational state detected by the
operational state detection means,

wherein the delay means calculates a first time based on
a vehicle speed variation, a throttle opening variation
and a vehicle speed and a second time based on at least
either one of a cornering judgment of a degree of a
winding road with the vehicle kept running and a
gradient judgment of a gradient of a road with the
vehicle kept running, and then setting a combined time
of the first time and the second time as a delay time for
delaying an upshift.

4. The shift control device for automatic transmission
according to claim 3, wherein the first time is shorter as the
vehicle speed variation is smaller, shorter as the throttle
opening variation is smaller and shorter as the vehicle speed
is higher, and

wherein the second time is longer as the winding degree
of the road in the cornering judgment is higher and
longer as the gradient of the road surface in the gradient
judgment is higher.
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